Adults with cystic fibrosis (CF) have significant rates of asymptomatic Clostridium difficile carriage and are frequently exposed to risk factors for C. difficile infection (CDI). Despite this, the rate of reported CDI in CF is low. We describe three cases of near fatal CDI in adults with CF and review the literature regarding presentation, management, and recurrence prevention. Early recognition is important as the clinical presentation may be atypical and the illness can be severe and even life-threatening. Management can be complicated by respiratory and nutritional failure. CF-related gastrointestinal dysfunction may alter the typical host-pathogen interaction between patient and C. difficile, potentially explaining the low rates of CDI and atypical presentation.
Introduction
Clostridium difficile is a spore forming Gram-positive organism responsible for antibiotic associated colitis. In cystic fibrosis (CF) patients, the prevalence of asymptomatic gastrointestinal colonization by C. difficile (22-46%) is higher than in healthy (3%) and hospitalized (20%) adults. Despite these relatively high carriage rates and frequent exposure to known risk factors, C. difficile infection (CDI) appears infrequent in CF.
Case Report
This case report comprises three cases of near fatal CDI in pre-transplantation adults with CF (Table 1 ). All three patients had recently received intravenous antibiotics for respiratory exacerbations within 7-21 days prior to their presentation. All patients presented with severe abdominal pain, fever, and tachycardia. Of note, none had diarrhoea. Blood test showed leucocytosis and hypoalbuminaemia. All patients were stool positive for C. difficile toxin. All three patients had severe pancolitis on abdominal CT (Fig. 1) . Two patients underwent sigmoidoscopy, which confirmed pseudomembranous colitis (Fig. 2) . Antibiotic treatment for C. difficile was commenced between 24 and 120 hours after symptom onset. The clinical course was complicated by severe abdominal pain and distension, along with respiratory and nutritional failure in all three patients. All three patients required parenteral antipseudomonal antibiotics for the treatment of concurrent respiratory exacerbation precipitated by the severe colitis, and also total parenteral nutrition. No surgical intervention was required by any of these patients, and all of them survived. The length of hospitalization ranged from 28 to 38 days. At 12 months follow-up, none of these patients experienced recurrent CDI despite having been exposed to further courses of antipseudomonal antibiotics. 
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with CF including those who had received lung transplant [1, 2] . Many patients with CF, including the three patients highlighted in this case report, did not have diarrhoea at their initial presentation with severe CDI. The atypical presentation has contributed to potential delays in presentation, diagnosis, and treatment of severe CDI in CF. Severe CDI is associated with significant morbidity and mortality in post-transplantation patients with CF [1, 2] . The rates of asymptomatic C. difficile carriage are high in CF [3] . Therefore, it is surprising that severe CDI is not more frequently observed [3] . There are several possible explanations for this observation, including: (1) prolonged gastrointestinal transit time in CF facilitates bacterial overgrowth which may increase the number of intestinal species with inhibitory effects on C. difficile [3] ; (2) reduced intestinal pH in CF [3] may be protective against CDI; (3) immunological response to previous C. difficile toxin exposure may reduce the risk of clinical disease; and (4) patients with new C. difficile acquisition are more likely to develop CDI than those chronically colonized with C. difficile. Therefore, the higher C. difficile colonization rate may be protective against CDI. The reduced frequency of diarrhoea in CDI may be due to CFTR dysfunctionrelated enterocyte insensitivity to diarrhoea-causing toxins of C. difficile, similar to its response to cholera toxin [3] . Key practice points in the management of CDI in CF include the below. Ab, antibiotic; BP, blood pressure; Cr, creatinine; CRP, C-reactive protein; CT, computed tomography; FEV 1 , forced expiratory volume in the first second; HR, heart rate; GORD, gastro-oesophageal reflux disease; IV, intravenous; PO, per oral; PR, per rectum; WCC, white cell count. 1. Abdominal pain can be due to many factors in people with CF [3] and diarrhoea is not a cardinal feature of CDI in CF. Therefore, a healthy level of suspicion for CDI is required when patients with CF present with abdominal symptoms. Vigilant C. difficile toxin testing and early abdominal imaging should be considered if a patient has significant abdominal pain or distension. Abdominal CT scan often reveals large intestine distension, colonic wall thickening, fat stranding, and unexplained ascites (Fig. 1) 7. The role of secondary prophylaxis in a patient who has previously had CDI is unknown. There are no guidelines to support this decision. However, concurrent oral metronidazole or vancomycin appears reasonable during antibiotic treatment in patients with CF who had experienced a recent episode of CDI within the last few months. Moderate evidence exists on the efficacy of probiotics in reducing the risk of primary CDI [5] ; however, its efficacy in preventing recurrent CDI remains unclear. 8. Patient education on symptom recognition of CDI is important in facilitating early presentation and treatment in CF.
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